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wherein an intermediate spool comprises an intermediate
pressure compressor between the low fan and high pressure
compressor section and an intermediate pressure turbine
between the high pressure turbine section and low pressure
turbine section.

[0024] The engine extends along a longitudinal axis 500
from a fore end to an aft end. Adjacent the fore end, a shroud
(fan case) 40 encircles the fan 42 and is supported by vanes
44. An aerodynamic nacelle around the fan case is shown and
an aerodynamic nacelle 45 around the engine case is shown.
[0025] The low shaft portion 25 of the rotor shaft assembly
23 drives the fan 42 through a speed reduction mechanism 46.
An exemplary speed reduction mechanism is an epicyclic
transmission, namely a star or planetary gear system. As is
discussed further below, an inlet airflow 520 entering the
nacelle is divided into a portion 522 passing along a core
flowpath 524 and a bypass portion 526 passing along a bypass
flowpath 528. With the exception of diversions such as cool-
ing air, etc., flow along the core flowpath sequentially passes
through the low pressure compressor section, high pressure
compressor section, acombustor 48, the high pressure turbine
section, and the low pressure turbine section before exiting
from an outlet 530.

[0026] FIG. 3 schematically shows details of the transmis-
sion 46. A forward end of the low shaft 25 is coupled to a sun
gear 52 (or other high speed input to the speed reduction
mechanism). The externally-toothed sun gear 52 is encircled
by a number of externally-toothed star gears 56 and an inter-
nally-toothed ring gear 54. The exemplary ring gear is
coupled to the fan to rotate with the fan as a unit.

[0027] The star gears 56 are positioned between and
enmeshed with the sun gear and ring gear. A cage or star
carrier assembly 60 carries the star gears via associated jour-
nals 62. The exemplary star carrier is substantially irrotatably
mounted relative via fingers 404 to the case 22.

[0028] Another transmission/gearbox combination has the
star carrier connected to the fan and the ring is fixed to the
fixed structure (case) is possible and such is commonly
referred to as a planetary gearbox.

[0029] The speed reduction ratio is determined by the ratio
of diameters within the gearbox. An exemplary reduction is
between about 2:1 and about 13:1.

[0030] The exemplary fan (FIG. 1) comprises a circumfer-
ential array of blades 70. Each blade comprises an airfoil 72
having a leading edge 74 and a trailing edge 76 and extending
from an inboard end 78 at a platform to an outboard end 80
(i.e., a free tip). The outboard end 80 is in close facing prox-
imity to a rub strip 82 along an interior surface 84 of the
nacelle and fan case.

[0031] To mount the engine to the aircraft wing 92, a pylon
94 is mounted to the fan case and/or to the other engine cases.
The exemplary pylon 94 may be as disclosed in U.S. patent
application Ser. No. 11/832,107 (US2009/0056343A1). The
pylon comprises a forward mount 100 and an aft/rear mount
102. The forward mount may engage the engine intermediate
case (IMC) and the aft mount may engage the engine thrust
case. The aft mount reacts at least a thrust load of the engine.
[0032] To reduce aircraft fuel burn with turbofans, it is
desirable to produce a low pressure turbine with the highest
efficiency and lowest weight possible. Further, there are con-
siderations of small size (especially radial size) that benefit
the aerodynamic shape of the engine cowling and allow room
for packaging engine subsystems.
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[0033] FIG. 2 shows the low pressure turbine section 27 as
comprising an exemplary three blade stages 200, 202, 204.
An exemplary blade stage count is 2-6, more narrowly, 2-4, or
2-3, 3-5, or 3-4. Interspersed between the blade stages are
vane stages 206 and 208. Each exemplary blade stage com-
prises a disk 210, 212, and 214, respectively. A circumferen-
tial array of blades extends from peripheries of each of the
disks. Each exemplary blade comprises an airfoil 220 extend-
ing from an inner diameter (ID) platform 222 to an outer
diameter (OD) shroud 224 (shown integral with the airfoil

[0034] An alternative may be an unshrouded blade with a
rotational gap between the tip of the blade and a stationary
blade outer air seal (BOAS)). Each exemplary shroud 224 has
outboard sealing ridges which seal with abradable seals (e.g.,
honeycomb) fixed to the case. The exemplary vanes in stages
206 and 208 include airfoils 230 extending from ID platforms
232 to OD shrouds 234. The exemplary OD shrouds 234 are
directly mounted to the case. The exemplary platforms 232
carry seals for sealing with inter-disk knife edges protruding
outwardly from inter-disk spacers which may be separate
from the adjacent disks or unitarily formed with one of the
adjacent disks.

[0035] Each exemplary disk 210, 212, 214 comprises an
enlarged central annular protuberance or “bore” 240, 242,
244 and a thinner radial web 246, 248, 250 extending radially
outboard from the bore. The bore imparts structural strength
allowing the disk to withstand centrifugal loading which the
disk would otherwise be unable to withstand.

[0036] A turbofan engine is characterized by its bypass
ratio (mass flow ratio of air bypassing the core to air passing
through the core) and the geometric bypass area ratio (ratio of
fan duct annulus area outside/outboard of the low pressure
compressor section inlet (i.e., atlocation 260 in FIG. 1) to low
pressure compressor section inlet annulus area (i.e., at loca-
tion 262 in FIG. 2). High bypass engines typically have
bypass area ratio of at least four. There has been a correlation
between increased bypass area ratio and increased low pres-
sure turbine section radius and low pressure turbine section
airfoil count. As is discussed below, this correlation may be
broken by having an engine with relatively high bypass area
ratio and relatively low turbine size.

[0037] By employing a speed reduction mechanism (e.g., a
transmission) to allow the low pressure turbine section to turn
very fast relative to the fan and by employing low pressure
turbine section design features for high speed, it is possible to
create a compact turbine module (e.g., while producing the
same amount of thrust and increasing bypass area ratio). The
exemplary transmission is a epicyclic transmission. Alterna-
tive transmissions include composite belt transmissions,
metal chain belt transmissions, fluidic transmissions, and
electric means (e.g., a motor/generator set where the turbine
turns a generator providing electricity to an electric motor
which drives the fan).

[0038] Compactness of the turbine is characterized in sev-
eral ways. Along the compressor and turbine sections, the
core gaspath extends from an inboard boundary (e.g., at blade
hubs or outboard surfaces of platforms of associated blades
and vanes) to an outboard boundary (e.g., at blade tips and
inboard surfaces of blade outer air seals for unshrouded blade
tips and at inboard surfaces of OD shrouds of shrouded blade
tips and at inboard surfaces of OD shrouds of the vanes).
These boundaries may be characterized by radii R; and R,
respectively, which vary along the length of the engine.



